ABSTRACT Management of longleaf pine (Pinus palustris) forests relies on frequent prescribed fire to maintain desirable plant communities. Prescribed fire is often applied while female wild turkeys (Meleagris gallopavo) are reproductively active and may immediately affect habitat availability and demographic outcomes. We identified covariates affecting selection of areas used by nesting and brooding females and determined if these covariates influenced nest and brood survival in a longleaf pine ecosystem. We captured 63 female wild turkeys and measured vegetation and landscape characteristics surrounding nests, brood roosts, and daytime use sites. We used conditional logistic regression to determine which vegetation and landscape-scale characteristics influenced nest, brood roost, or daytime use sites. We generated Cox proportional hazard models at multiple spatial scales to determine if selection influenced nest and brood survival. Females selected nest sites with greater visual obstruction and increased ground cover, and also nested closer to roads. We observed relevant differences in vegetation and landscape variables associated with where females chose to roost broods compared to sites chosen for foraging or loafing. Females roosted broods at sites with increased ground cover and decreased visual obstruction, and daytime use by broods was most related to increases in ground cover. Time-since-fire was an informative covariate for brood site selection but not for nest site selection. Females selected brood roost sites in stands not recently burned (3-6 yr post-fire), and selected daytime use sites in stands burned the current year (0 yr post-fire) and 2 years post-fire. We failed to observe links between selection of vegetation and landscape covariates and probability of nest or brood survival. Notably, our results suggest short (i.e., 1-2 yr) fire return intervals do not provide vegetation communities selected by females to roost broods. Conversely, stands burned within the current year were important for daytime use by broods. Collectively, our findings demonstrate the importance of maintaining diverse fire return intervals to ensure availability of vegetation conditions necessary for nesting and brooding.
Managers of longleaf pine (Pinus palustris) forests rely on frequent fire return intervals (1-3 yr) to reduce hardwood competition (Waldrop et al. 1992 , Brockway and Lewis 1997 , Glitzenstein et al. 2012 ) and promote vegetation favored by threatened and endangered species (e.g., redcockaded woodpecker [Picoides borealis], gopher tortoise [Gopherus polyphemus]) and popular game species (e.g., northern bobwhite [Colinus virginianus; bobwhite]). Prescribed fire alters vegetation succession, with post-fire vegetation responses determined by fire return interval, severity, and timing of application (Thaxton and Platt 2006 , Ellair and Platt 2013 , Wiggers et al. 2013 ). Prescribed fire increases understory plant diversity, promotes germination of legumes and grasses, and alters vertical and horizontal structure (Thaxton and Platt 2006, Grady and Hoffmann 2012) .
Application of prescribed fire in longleaf and other pinedominated ecosystems often occurs during the reproductive period of eastern wild turkeys (Meleagris gallpavo silvestris; turkeys) and may affect habitat availability. Turkeys primarily consume insects and herbaceous vegetation (Hurst 1992) and new growth following recent fires may increase attractiveness of burned stands to turkeys (Kilburg et al. 2014) . For example, insects provide a primary food source for developing poults (Hurst 1978) , and fire initially exposes insects by eliminating vegetation and litter (Swengel 2001 , Chitwood et al. 2017 , possibly increasing foraging efficiency of poults. As stands recover post-fire, increasing ground cover vegetation (Wiggers et al. 2013) , herbaceous plants (Ellair and Platt 2013) , and invertebrates (Chitwood et al. 2017 ) may improve concealment and foraging opportunities (Burk et al. 1990 , Sisson et al. 1990 , Still and Baumann 1990 . Collectively, prescribed fire alters vegetation characteristics potentially influencing site selection and vital rates; hence, it is important to determine the optimal frequency at which fire should be applied for turkeys.
Vegetation cover surrounding nest sites may be an important cue to turkeys when selecting nest sites (Conley et al. 2016 , Little et al. 2016 . Turkeys select nests in areas with relatively dense vegetation and visual obstruction (Porter 1992 , Badyaev 1995 , Streich et al. 2015 , Yeldell et al. 2017a . Cover provided by hardwood stems may also positively influence nest site selection (Streich et al. 2015) but has been negatively associated with nest survival (Fuller et al. 2013) . Similarly, turkeys tend to nest close to roads (Holbrook et al. 1987 , Badyaev 1995 , and nest survival may be negatively correlated with distance to roads (Thogmartin 1999 ). Prescribed fire is commonly applied every 1-3 years in longleaf pine savannas, which may not provide enough time to develop optimal concealment cover (Miller et al. 2000, Miller and Conner 2007) . Likewise, in loblolly pine (P. taeda) landscapes managed with fire, turkeys selected to nest within mature pine stands burned 2 years prior (Yeldell et al. 2017a) . Hence, characteristics at the nest site, and characteristics of the landscape surrounding it, influence nest site selection and can be affected by prescribed fire.
Contemporary research has noted declining productivity of turkeys throughout the southeastern United States (Byrne et al. 2015) , and fire affects vegetation and landscape composition in ways that could affect nest and brood survival. Predation is the primary cause of nest (Byrne and Chamberlain 2013 , Kilburg et al. 2014 , Little et al. 2014 , Yeldell et al. 2017a and brood loss , Palmer et al. 1993 , and predation risk likely operates across multiple spatial scales (Fleming and Porter 2004, Gibson et al. 2017) . Because fire affects vegetation composition across landscapes, it could influence predation rates and nest survival (Yeldell et al. 2017a) . For example, recently burned areas tend to be avoided by common nest predators including raccoons (Procyon lotor; Jones et al. 2004) , which could increase nest survival in patches burned within the previous growing season. Brood habitat is generally described as a mixture of forested area and herbaceous vegetation that provides foraging opportunities and concealment cover , Porter 1992 , Spears et al. 2007 , and areas with increased visual obstruction may be associated with increased brood survival Speake 1985, Spears et al. 2007) .
Because prescribed fires can occur concurrent with turkey reproductive seasons (Little et al. 2014 , Yeldell et al. 2017a , understanding how vegetation and landscape characteristics affected by fire influence nest and brood site selection are necessary to manage turkey populations in pyric ecosystems. Therefore, our goals were to identify vegetation and landscape covariates influencing selection of nest sites, brood ground roost sites (i.e., ground roosts), and sites used by brooding females during daytime (i.e., daytime use sites). We then determined if any covariates affected demographic outcomes (i.e., nest and brood survival). We initially hypothesized that females would select nests closer to stands burned !2 years prior because of increased concealment cover from predators. We also hypothesized that females with broods would select daytime use sites closer to stands burned <2 years previous because of increased foraging opportunities, and open vegetation that poults could navigate easily. Lastly, we hypothesized that brooding females would select ground roosts in areas burned !2 years prior because of the increased concealment cover needed while roosting on the ground. In addition, we hypothesized that covariates females selected for during nesting and brooding would influence nest and brood survival.
STUDY AREA
We conducted research during 2015-2016 on the Silver Lake Wildlife Management Area (SLWMA) owned and managed by the Georgia Department of Natural Resources-Wildlife Resources Division (GADNR), and the adjacent Lake Seminole Wildlife Management Area owned by the United States Army Corps of Engineers (USACE) and managed by GADNR in southwest Georgia. Because of the similarity in management and vegetation communities, we refer to the collective 4,700 ha area as SLWMA. The SLWMA was dominated by mature pine (Pinus spp.) forests (primarily longleaf pine), and forested wetlands, with clear-cuts, young pine plantations, and forest openings scattered throughout. Private lands surrounding SLWMA were primarily agricultural fields, managed timber lands, and hunting plantations managed for bobwhite. The SLWMA was managed by GADNR as a bobwhite focal area. Prescribed fire was used to maintain herbaceous understory vegetation communities and promote growth of longleaf pine, while inhibiting undesirable hardwood regeneration and reducing fuel loads. Prescribed fire was applied throughout the year, but most fires occurred during the dormant season during 2015 (63.3%) Wood et al. (2018) .
METHODS

Capture and Monitoring
We captured female turkeys using rocket nets from JanuaryMarch 2015 and 2016 and fitted them with butt-end aluminum leg bands (National Band and Tag Company, Newport, KY, USA) and backpack style global positioning system (GPS) transmitters (Lotek Minitrack Backpack L, Lotek Wireless, Newmarket, ON, Canada) with very high frequency (VHF) capabilities. We programmed transmitters to record locations 2 times a day (1200 and 2359) from date of capture until 1 March. From 1 March to 15 August, transmitters recorded locations once per hour from 0500 to 2000, and a single roost location at 2359. All capture, handling, and marking procedures were approved by the Institutional Animal Care and Use Committee at the University of Georgia (protocol number A2014 06-008-Y1-A0). We located turkeys !1 time/week using a 3-element handheld Yagi antenna and R4000 receiver (Advanced Telemetry Systems, Isanti, MN, USA) to monitor survival and nesting activity. We downloaded GPS locations from each turkey !1 time/week. We viewed GPS locations and considered a female to be incubating when female locations became concentrated around a single point (Yeldell et al. 2017a, b) . We monitored incubating females daily and after nest termination we located the nest site to determine nest fate and conduct vegetation sampling. We considered nests abandoned if a female left the nest prior to 30 days and we found only intact eggs in the nest bowl. We considered nests depredated if we found the nest empty or with eggshell fragments prior to 25 days. We considered nests successful if !1 poult hatched, and the large end of eggshells were neatly chipped away (Healy 1992) .
To describe nesting ecology, we measured nesting rate and nest success (Melton et al. 2011) . We defined initial nesting rate as the percentage of females that initiated !1 nest, second nest attempt rate as the percentage of females that initiated a second nest attempt following loss of the initial nest attempt, and third nest attempt rate as the percentage of females that initiated a third nest attempt following the loss of earlier nests or broods. We defined nest success rates for each nesting attempt as the percentage of successful nests, and overall reproductive success as the percentage of females that attempted !1 nest and hatched !1 egg (Melton et al. 2011) .
After nests hatched, we monitored brooding females to 28 days post-hatch to estimate brood survival because after 28 days poults are considered juveniles (Hurst 1992) . We located each brooding females on the roost via VHF signal homing and used a Raytheon Infrared-Palm IR 250 Digital thermal camera (Raytheon Commercial Infrared, Dallas, TX, USA) to confirm presence of poults (Ruttinger et al. 2014) . We considered a brood to be present if we saw or heard !1 poult. If we detected a brooding female on the ground prior to 14 days, we assumed she was still with a brood because roosting in trees typically begins around 14 days post-hatch (Barwick et al. 1971 , Spears et al. 2007 ). If we detected a brooding female roosted in a tree before 14 days post-hatch and could not detect poults, we assumed the brood was lost. After females began tree roosting with poults, we relied on visual and auditory detection of poults to confirm brood presence. We performed brood surveys every 3 days up to 28 days post-hatch or until we failed to detect poults during 2 consecutive attempts. After broods begin roosting in trees, survival increases (Everett et al. 1980 ) and ground level vegetation becomes less relevant at roosts. Hence, we did not measure vegetation characteristics at roost sites past 14 days post-hatch. We defined brood success as the proportion of broods with !1 poult surviving to 28 days post-hatch (Little et al. 2014 , Yeldell et al. 2017a ).
Vegetation Sampling
To understand vegetation covariates influencing selection of nest and brood sites, we sampled vegetation characteristics within a 15-m-radius circle at nest sites, daytime use sites (0800-1900), and ground roost sites, following established protocols (Streich et al. 2015 , Conley et al. 2016 , Yeldell et al. 2017a . At each site, we recorded percent total ground cover, percent canopy cover, height of visual obstruction (cm), average vegetation height (cm), and basal area (m 2 /ha). To approximate tree density (trees/ha), we recorded a single basal area estimate using a 10 basal area factor (BAF) prism centered on the use site. We measured percent total ground cover of understory vegetation using a 1-m 2 frame (Daubenmire 1959 ) placed on the ground at the use sites and at 15 m in each cardinal direction. We estimated percent canopy cover of vegetation using a convex spherical densiometer (Lemmon 1956 ) from a height of approximately 1 m at the use site and 15 m in each cardinal direction. To estimate density of understory vegetation (vertical obstruction), we placed a 2-m-tall Robel pole (Robel et al. 1970) at the use point and 15 m in each cardinal direction to estimate visual obstruction and average height of vegetation. We sampled vegetation characteristics within 3 days after of the estimated hatch date or date of brood use to reduce biases associated with changes in vegetation growth (McConnell et al. 2017) . To quantify vegetation associated with daytime use sites, we downloaded GPS locations every 3 days and randomly selected 1 location from the day of our most recent brood survey to visit and sample. We used handheld GPS units to navigate to the use location and conducted vegetation sampling as detailed above. We sampled vegetation at daytime use sites up to 28 days post-hatch. For each site (i.e., nest, ground roost, or daytime use), we randomly selected a site 100-200 m away from the used site and conducted identical vegetation surveys. The randomly selected location acted as a paired random location in our analyses.
Landscape Characteristics
To identify landscape characteristics affecting selection of nest and brood sites, we obtained forest inventory data from GADNR for stands on SLWMA, and estimated stand conditions on private lands using photo interpretation. We obtained data from the National Agriculture Imagery Program, Landsat 8 multi-spectral satellite imagery (Roy et al. 2014) , and the National Land Cover Database (Homer et al. 2015) . We digitized a 30-m resolution landcover dataset, classified vegetation communities into 5 cover types, and used them to delineate landscape features. We classified areas as pine stands if they consisted of >50% pine in the overstory. We classified areas as hardwood stands if they consisted of >50% hardwood species, which were typically confined to lowland areas around water and depressional wetlands. We classified fallow fields, pastures, and clear-cuts ( 3 yr old) as open. We classified fields planted in row crops as agriculture. We excluded pixels containing houses, or other man-made structures because we did not considered them to be turkey habitat. We ground-truthed a random sample of 30 pixels for each vegetation community and assessed dominant vegetation types to test accuracy of our classification. We correctly classified vegetation communities 96.0% of the time.
Turkeys nest in a wide range of forest communities (Chamberlain and Leopold 1998 , Thogmartin 1999 , Yeldell et al. 2017a ), but nest sites are often associated with increased ground cover and vegetation density (Streich et al. 2015 , Little et al. 2016 , Yeldell et al. 2017a ), regardless of overstory species composition. Hence, we used only our digitized classifications of overstory vegetation communities to generate landscape composition metrics (i.e., patch diversity). Likewise, linear landscape features surrounding nest sites and sites used by broods may influence selection (Martin and Roper 1988) . Hence, we calculated distance to roads and hard edges. We obtained road data (interior roads, firebreaks, primary roads) within SLWMA from GADNR, and used Topologically Integrated Geographic Encoding and Referencing (U.S. Census Bureau 2017) data to identify roads outside SLWMA. We defined hard edges as any transition between 2 cover types or roads. Hence, edge was a more inclusive linear feature; we considered a road an edge, but an edge was not necessarily a road.
To understand how prescribed fire influenced selection of nests, ground roosts, and daytime use sites, we obtained burn data within SLWMA from GADNR, and combined fire history data with our landcover map to map burn history within 6 years of our study. Fire tended to be applied to the same compartments within 3 years, so we assumed stands with no history of fire during the prior 6 years were never burned. We categorized burned stands based on fire history at the time of laying for each nest attempt. We classified stands as being burned during the prior 6 months, burned 1 year prior, burned 2 years prior, or not burned. As timesince-fire increases, diversity in understory vegetation communities declines, woody cover increases, and stands converge in structure (Glitzenstein et al. 2012 ). Thus, we considered stands burned 3-6 years prior as not recently burned. Because we were interested in how turkeys selected nest and brood sites relative to fire history, we calculated distance to each burn classification for all used and random sites.
Burn patch size and spatial distribution of fire application affect landscape heterogeneity, and may affect turkey behavior (Yeldell et al. 2017c ). Because we wanted to understand how spatial distribution of fire and distribution of time-since-fire classifications across a landscape affects turkeys, we used a circular moving window analysis in FRAGSTATS (McGarigal et al. 2012 ) with a radius of 95 m to calculate Shannon's diversity index (SHDI) and contagion index (CONTAG) based only on distribution of fire. We used a 95-m radius because it equates to the average incubation range of female wild turkeys (Conley et al. 2016 , Wood 2017 and is within the scale at which turkeys may make behavioral decisions in response to habitat (Byrne et al. 2014) . Contagion index relates to dispersion and interspersion of patch types, and habitat suitability for turkeys increases where vegetation communities are more interspersed (Kurzejeski and Lewis 1990, Pollentier et al. 2017 ). Shannon's diversity index is a measure of patch diversity, which may negatively affect suitability of nest sites (Byrne and Chamberlain 2013) .
When determining selection of habitat components from within home ranges (third-order selection; Johnson 1980), measurements of habitat availability must be constrained by the boundaries of the home range to ensure availability is assessed in a manner relevant to the individual (Jones 2001) . Therefore, before calculating landscape characteristics around nests, we generated random sites within pre-nesting areas of each female. We defined pre-nesting area as the space used from 1 March until onset of laying behavior for first attempts. We estimated space use using the dynamic Brownian Bridge movement model (dBBMM) to calculate 95% utilization distributions (UDs) around individual turkey locations, using a window size of 15, margin of 5, and location error of 15 m (Kranstauber et al. 2012 . We calculated UDs during all pre-nesting, laying, and incubation periods for each female. We assumed laying occurred during the 12 days prior to continuous incubation based on an average clutch size of 12 eggs (Vangilder 1992 , Yeldell et al. 2017a ). If a turkey had >1 nest, we considered the pre-nesting area for each female as the merged UDs for each period prior to laying. We did this to create a more conservative estimate of space use because a new UD would be overly biased towards locations taken during the incubation period . To facilitate comparisons with recent studies, we mirrored the methodology of Yeldell et al. (2017a) , and generated 5 paired random locations within each pre-nesting range for each individual female across each nest attempt. To calculate landscape characteristics at ground roosts and daytime use sites, we constructed daily ranges using 100% minimum convex polygons around GPS locations for the day prior to roost sampling, and around GPS locations for the day of daytime use sampling. We then generated 5 paired random points for every used location within each daily range.
Data Analysis
To delineate factors influencing nest, ground roost, and daytime use at the vegetation and landscape-scales, we used conditional logistic regression analysis with case-controlled sampling in package survival (Therneau and Lumley 2016) in program R version 3.1.1 (R Core Team 2014), where cases were used sites and controls were random sites. We treated nest sites as independent samples regardless if a turkey nested multiple times, and treated brood roosts and daytime use sites as independent samples because they resulted from locations 3 days apart. We stratified data by female to account for potential correlations among sites selected by individual females. Because including highly correlated covariates in models inflates estimates of variance and hinders interpretation of data (Dormann et al. 2013) , we calculated Pearson correlations (r) between pairs of explanatory covariates prior to building models. If covariates were highly correlated (|r| ! 0.7; Dormann et al. 2013) , we retained only 1 covariate that we felt provided simpler biological interpretation. We hypothesized a priori that selection by nesting and brooding females should be influenced by the same tradeoffs, those being to reduce predation risk while maximizing foraging opportunities (Fretwell and Lucas 1969, Martin 1993) . Hence, we developed hypotheses based on similar ecological cues for nesting and brooding, which reduced and simplified our candidate models. We developed 5 predictive models, plus a global and null model, to identify how vegetation covariates influenced nest, brood roost, and daytime use sites (Table 1) . We based 4 models on the prediction that selection was influenced by ground cover, visual obstruction, canopy closure, or basal area. Ground cover influences selection of nests (Badyaev 1995 , Fuller et al. 2013 , Yeldell et al. 2017a , as does visual obstruction (Holbrook et al. 1987 , Streich et al. 2015 , Little et al. 2016 .
Ideal habitat for broods should provide adequate concealment for poults while providing females unobstructed views to detect predators (Porter 1980) . Therefore, the fifth model examined additive effects of ground cover and visual obstruction on selection.
At the landscape-scale, we developed 8 predictive models to identify how proximity to fire-influenced vegetation communities, landscape characteristics, and landscape heterogeneity influenced nest, ground roost, and daytime use sites (Table 1) . Early successional communities resulting from prescribed fire provide abundant foraging opportunities (Brockway and Lewis 1997) but less understory and midstory concealment than stands !2 years post-burn (Provencher et al. 2001 , Beckage et al. 2009 , Lavoie et al. 2010 . Likewise, because roads receive annual maintenance by being mowed, they can provide greater forage than nearby forested areas (Hurst and Dickson 1992) . Therefore, our first model hypothesized that site selection would be influenced by forage availability as described by distance to stands burned Table 1 . Hypotheses and their associated conditional logistic regression models used to evaluate effects of vegetation covariates on nest site, brood ground roosts, and daytime brooding sites for female eastern wild turkeys at Silver Lake Wildlife Management Area, southwest Georgia, USA, 2015 and 2016.
Model name Hypothesis Model
Vegetation models Global All covariates affect selection.
Ground cover Selection is dependent on percent ground cover.
Selection is dependent on visual obstruction. y ¼ VO Canopy cover Selection is dependent on canopy cover.
Selection is dependent on basal area. y ¼ BA Visual obstruction and ground cover Selection is dependent on the additive effect of visual obstruction and percent ground cover.
Selection is dependent on the random covariates turkey
Landscape-scale models Global All covariates affect selection.
Foraging Selection is dependent on the additive effect of distance to 0-yr burn, 1-yr burn, and roads.
Selection is dependent on the additive effect of distance to 2-yr burn and !3-yr burns.
Predation risk Selection is dependent on the additive effect of distance to edge, road, 0-yr burn, and !3-yr burn, and SHDI.
Concealment and foraging Selection is dependent on the additive effect of distance to 0-yr burn, 1-yr burn, 2-yr burn, !3-yr burn, and road, and SHDI.
Predation risk and concealment Selection is dependent on the additive effect of distance to edge, roads, and burns of different ages, and CONTAG.
Concealment and escape Selection is dependent on the additive effect of distance to edge, 2-yr burn, and !3-yr burn, and CONTAG. 1 year prior and distance to roads. Understory vegetation density increases with time since fire, which provides increased concealment from predators and reduced thermal radiation (Taylor et al. 1999 , Carroll et al. 2015 , Kamps et al. 2017 ) but may decrease poult mobility and increase predation risk. Therefore, our second model suggested site selection was most influenced by concealment cover offered by vegetation communities within stands burned !2 years prior. Predators are positively associated with linear landscape features and increased patch diversity (Oehler and Litvaitis 1996) and areas where fire has been excluded (e.g., hardwoods; Godbois et al. 2003) , and may avoid areas burned within the previous year (Jones et al. 2004) . Hence, our third model examined whether site selection was most influenced by predation risk and additive effects of distance to roads and edges, SHDI, distance to stands burned during the prior 6 months, and distance to stands never burned.
Nest and brood site selection may be influenced by concealment cover and foraging opportunities; hence, our fourth model examined additive effects of distance to all burned stands, distance to roads, and SHDI. Turkeys in firemanaged landscapes may select vegetation communities in relation to nearby escape cover (Yeldell et al. 2017b) , so our fifth model examined additive effects of distance to stands burned !2 years prior, distance to stands not burned, distance to edge, and CONTAG. Because nest and brood site selection may be influenced by both mitigating predation risk and providing adequate cover from thermal radiation, our sixth model examined additive effects of distance to linear landscape features, distance to all burn classes, and percent CONTAG on nest site selection. Because habitat suitability may increase where vegetation communities are more interspersed (Kurzejeski and Lewis 1990, Pollentier et al. 2017) , and because patch diversity has been negatively associated with nest site suitability (Byrne and Chamberlain 2013), we developed the next 2 models based on the prediction that SHDI and CONTAG alone influenced nest and brood site selection. Because we presumed a priori all covariates measured would be important to nest and brood site selection, we developed a global model examining additive effects of all explanatory covariates on selection of nests, ground roosts, and daytime use sites. Lastly, we compared all models to a null model, which predicted selection was not influenced by landscape-scale covariates we measured.
Prior to running models, we scaled covariates to ease iteration of the likelihood maxima and aid model convergence. We scaled distance covariates by 100 m and all other covariates except SHDI by a factor of 10; we did not scale SHDI. We calculated second-order Akaike's Information Criteria (AIC c ) for all models to assess model support (Akaike 1973) and considered the most plausible model to have the lowest AIC c score. We calculated DAIC c values and adjusted Akaike weights (w i ) for each model, and considered models within 2 units of the lowest DAIC c value to be equally plausible (Burnham and Anderson 2002) . We calculated parameter estimates (b), standard errors, test statistics (Z), P-values, scaled odds ratios and their associated confidence intervals for all covariates in the top-performing model(s) for nest and brood site selection. We calculated an odds ratio and associated confidence interval for SHDI. If multiple models were equally plausible, we calculated model-averaged parameter estimates, standard errors, and P-values for the subset of competing models (Burnham and Anderson 2002) . We considered covariates statistically significant if P 0.05 and concluded they influenced selection.
Nest and Brood Survival
Because we were interested in determining if selection of vegetation or landscape characteristics conferred benefits to nest or brood survival, we assessed whether covariates included in model(s) best explaining site selection affected survival probability. To determine if selection decisions made by female wild turkeys influenced nest survival, we used the Cox proportional hazards model (COXPH) in package survival (Therneau and Lumley 2016) . To assess how covariates in our top model(s) influenced brood survival, we used a cumulative exposure COXPH model because we hypothesized additional exposure to covariates could affect risk. To assess cumulative exposure for each brood, we calculated a running mean for each covariate sampled at each successive brood use site for each brooding female. The most vulnerable period for developing poults occurs during the first 2 weeks of life (Barwick et al. 1971 , Speake 1980 , Peoples et al. 1995 prior to roosting in trees; therefore, we examined the influence of ground roost selection on survival only during the first 2 weeks post-hatch. Brood survival is greater following the first 2 weeks post-hatch, but poults are still susceptible to multiple predator guilds during this period. Therefore, we examined how daytime use influenced survival across the entire 28-day brood-rearing period. Because we were unable to accurately count how many poults were with a female, our analysis only considered a brood as having survived if !1 individual poult survived. To determine if covariates deviated significantly from proportionality, we tested the proportional hazards assumption. The COXPH model generates hazard ratios (HR) for each covariate within the model, where hazard ratios >1 indicate increasing probability of nest or brood failure, and hazard ratios <1 indicate a decreasing probability of failure.
Based on our top performing vegetation models, we examined if ground cover and visual obstruction at nests and brood roost sites affected survival using an additive timeinvariant COXPH model. Vegetation covariates in our top model explaining daytime use sites included ground cover, basal area, canopy cover, and visual obstruction. Because values of these covariates changed at each sampling site, we used an additive time-varying COXPH model to determine if any of these covariates at brood roost sites or daytime use sites influenced brood survival.
To determine if landscape-scale covariates affected survival, we first used a time-invariant COXPH model to examine if additive effects of distance to stands burned within 0 or 1 year and distance to road affected nest survival. We used an additive time-varying COXPH model to determine if covariates affecting landscape-scale selection for brooding sites influenced survival. Our brood roost model examined if cumulative exposure of distance to stands burned 2 years prior and stands burned !3 years prior affected survival. Our model examining if selection of daytime use sites affected brood survival examined additive effects of distance to road, distance to edge, distance to 0->3 year burn, SHDI, and CONTAG.
RESULTS
Nest and Brood Success
We captured 63 female turkeys (58 adults and 5 juveniles) during 2015 and 2016; 3 died before nesting, 7 had transmitter malfunctions that precluded us from determining reproductive status, and 5 did not nest. Therefore, we monitored 76 nests from 48 females, only 2 of which were initiated by juveniles, so we combined them with adults. Of 76 nests, 2 failed prior to onset of incubation, leaving 74 nests from 46 females (51 initial nest attempts, 21 second attempts, and 2 third attempts). Nest initiation rates for initial, second, and third nest attempts were 96.2%, 61.8%, and 13.3%, respectively (Table S1 , available online in Supporting Information). Earliest onset of incubation was 6 April (2015) and 30 March (2016), and mean date of incubation was 18 April (2015) and 11 April (2016; Fig. 1 ). Mean onset of incubation for second attempts was 21 May (2015) and 12 May (2016), and 13 June for third attempts. We documented reproductive behaviors (i.e., laying, incubating, and brood-rearing) from mid-March to midJuly (Fig. 1) . We removed 4 nests when estimating nest success because of suspected abandonment due to observer influence. We documented 29 (41.4%) successful nests and cause of nest failure for 39 nests (35 [85.4%] depredated). Nest success rates for first, second, and third nests were 34%, 65%, and 0%, respectively (Table S1) , and overall female reproductive success was 55%. No nests were exposed to fire during incubation, although 4 nests (5.4%) would have been prior to the projected hatch date but were depredated. We monitored 25 broods from 24 females; the fate of the remaining 4 broods was unknown because of transmitter malfunction. Three broods were lost within 1 day of leaving the nest, and each female subsequently renested. Nine broods (36.0%) survived the initial 14 days post-hatch and 6 survived to 28 days, for overall brood success of 24%.
Nest Site Selection and Survival
Average vegetation height and visual obstruction were correlated (r ¼ 0.81), so we included only visual obstruction in our candidate models. For nest site selection, our topperforming model (visual obstruction and ground cover model; w i ¼ 0.76; Table 2; Table S2 ) suggested turkeys were more likely to nest in areas with increased ground cover (b ¼ 0.30; P 0.01) and visual obstruction (b ¼ 0.21; P ¼ 0.02; Table 3 ). Females were 1.35 times more likely to select nest sites for every 10% increase in ground cover, and 1.23 times more likely to select nest sites for every 10-cm increase in visual obstruction.
At the landscape scale, no covariates were correlated, so we used all in our models. We removed 11 nests from analyses because they were initiated outside of areas where burn histories were known or transmitter malfunctions prevented us from determining known incubation dates. Our top model (foraging model; w i ¼ 0.53; Table 2; Table S2 ) suggested females selected nests closer to roads (b ¼ À1.07; P ¼ 0.01). Distance to areas burned 0 years prior (b ¼ À0.14; P ¼ 0.10) and 1 year prior (b ¼ 0.06; P ¼ 0.43) were included in this top model but neither influenced selection. Females were 0.34 times less likely to choose a nest site for every 100 m farther from roads. We removed 6 nests from survival analysis that failed prior to the initiation of continuous incubation (n ¼ 1) or because of observer interference (n ¼ 5). As a result, we used 63 nests to determine covariates influencing nest survival. We found that neither percent ground cover (b ¼ 0.16; HR ¼ 1.17; CI ¼ 0.84-1.64; P ¼ 0.35) nor visual obstruction (b ¼ À0.09; HR ¼ 0.92; CI ¼ 0.81-1.04; P ¼ 0.18) influenced nest survival and found no evidence that any covariates in our top landscape-scale model affected nest survival (Table S3) .
Brood Roost Site Selection and Survival
We analyzed data collected at 83 ground roosts from 21 broods. Our top model (visual obstruction and ground cover model; w i ¼ 0.58) and second-best approximating model (ground cover model; w i ¼ 0.32; Table 2; Table S2 ) suggested females were more likely to select ground roost sites in areas with increased ground cover (b ¼ 0.26; P 0.01) but not visual obstruction (b ¼ À0.11; P ¼ 0.08; Table 3 ). Females were 1.30 times more likely to choose brood roost sites for each 10% increase in ground cover.
Our top landscape-scale model (concealment model; w i ¼ 0.69; Table 2; Table S2 ) suggested females selected to roost broods closer to stands 2 years post-fire (b ¼ À0.16; P 0.01) and stands not burned (b ¼ À0.42; P 0.02; Figure 1 . Reproductive chronology of female eastern wild turkeys at Silver Lake Wildlife Management Area, southwest Georgia, USA, 2015 and 2016. We classified reproductively active females by behavior across the reproductive period in the following categories: pre-nesting (prenest; prior to initiation of an initial nest attempt, or period between a prior nest attempt and a subsequent laying sequence), laying (lay; the period during which females actively laid eggs), incubating (inc; the period during which females were actively sitting on the nest), brooding (brood; the period a female was actively raising young post-hatch), and post-nesting (post; the period following the completion of nesting or brood rearing behaviors). Table 3 ). Females were 0.86 times less likely to ground roost for every 100 m farther from stands 2 years post-fire, and 0.65 times less likely for every 100 m farther from stands not burned. No covariates associated with top models predicting vegetation-or landscape-scale brood roost site selection influenced brood survival (Table S3) .
Daytime Brooding Site Selection and Survival
We analyzed data from 111 daytime use sites from 20 broods. At the vegetation-scale, the global model was the best performing model (w i ¼ 0.99; Table 2 ; Table S2 ), suggesting that females took broods to areas with increased ground cover (b ¼ 0.18; P 0.01), decreased basal area (b ¼ À0.24; P 0.01), and decreased visual obstruction (b ¼ À0.17; P 0.01; Table 3 ). Females were 1.20 times more likely to choose daytime use sites for each 10% increase in ground cover, and 1.22 and 1.16 times less likely to choose sites for every increase of 2.30 m 2 /ha basal area and 10-cm increase in visual obstruction. However, we found no evidence that vegetation characteristics at daytime use sites influenced brood survival (Table S3) .
At the landscape-scale, the best approximating model was the predation risk and concealment model (w i ¼ 0.39; Table 2; Table S2 ). The second and third models, which were not statistically different from the best model, were the global model (w i ¼ 0.38) and the concealment and forage model (w i ¼ 0.23; Table 2; Table S2 ). Model averages suggested brooding females selected for areas closer to roads (b ¼ À0.20; P 0.01), closer to stands burned the current year (i.e., 0 yr post-fire; b ¼ À0.31; P 0.01), and closer to stands burned 2 years prior (b ¼ À0.04; P 0.01). Although included in our competing models, distance to edge (b ¼ À0.17; P ¼ 0.20), stands burned 1 year prior (b ¼ 0.00; P ¼ 0.93), stands burned !3 years prior (b ¼ À0.02; P ¼ 0.66), SHDI (b ¼ À0.09; P ¼ 0.77), and CON-TAG (b ¼ À0.01; P ¼ 0.73) were not selected or avoided (Table 3) . Females were 0.82, 0.73, and 0.96 times less likely to select daytime use sites for every 100 m farther from roads, stands 0 years post-burn, and stands 2 years post-burn, respectively. We found no evidence that landscape-scale covariates associated with top models for daytime use sites affected brood survival (Table S3) .
DISCUSSION
To our knowledge, our study is the first to use highresolution spatial data combined with vegetation and landscape characteristics to assess how habitat conditions influence selection of roosts and foraging and loafing sites selected by brooding female turkeys. Prescribed fire alters vegetation structure and composition on a landscape, influencing site selection for reproductively active female wild turkeys. Our findings generally supported our collective hypotheses that vegetation characteristics in the Table 2 . Akaike's Information Criterion with small sample bias adjustment (AIC c ), number of parameters (K), DAIC c , adjusted Akaike weight of evidence (w i ) in support of model, and log-likelihood (LL) for the top 3 candidate models relating the selection of nest, brood ground roost, and daytime brooding sites used by female eastern wild turkeys at Silver Lake Wildlife Management Area, southwest Georgia, USA, 2015 and 2016. Models used a conditional logistic regression with matched-pairs case-control sampling, where cases were known use sites and controls were random sites. a Models reflect vegetation characteristics surveyed at the nest site and include covariates percent canopy cover, percent total ground cover, basal area, and lateral visual obstruction. b Models reflect covariates predicted to influence nest site selection at the landscape scale and include distance to roads, edges, and burns of different ages, and landscape heterogeneity covariates Shannon's diversity index and contagion index.
Model
understory, particularly ground cover, would influence selection of nests and sites used by brooding females. Despite these findings, we found no evidence that vegetation or landscapes characteristics influenced nest or brood survival. As ground nesting birds, turkeys should logically nest where ground cover minimizes predation risk (Martin 1993) , and our results agree with previous assertions that turkeys are more likely to select nest sites in areas with abundant ground cover (Badyaev 1995 , Byrne and Chamberlain 2013 , Streich et al. 2015 . Increased ground cover may reduce visual and olfactory cues at nest and brood sites, and reduce predator foraging efficiency (Bowman and Harris 1980) . We found that females selected nest sites with increased visual obstruction but daytime use sites with decreased visual obstruction. Conversely, visual obstruction was not an important predictor of nest site selection in a fire-managed landscape in Louisiana, USA (Yeldell et al. 2017a) . Females were more likely to select ground roosts and daytime use sites as ground cover increased. Quality brooding vegetation communities are generally considered to provide understory vegetation with enough cover to conceal poults while allowing brooding females an unobstructed view to detect predators (Porter 1992) . We observed that females during daytime took broods to areas with decreased visual obstruction, likely because of increased foraging efficiency and improved mobility of poults. Despite females selecting for these areas, we found no evidence that either ground cover or visual obstruction influenced brood survival. Predation risk on our study site may be operating at larger spatial scales, or a combination of scales, and we suggest future research to address the scale at which to measure predation risk for wild turkeys. We observed that nest sites tended to be closer to roads, which may be a strategy to minimize noise as females move to and from nests during recesses (Badyaev 1995) , or facilitate easy travel to brooding sites after hatching (Moore et al. 2010) . Although some researchers have shown that nests closer to roads may be at increased risk of depredation (Thogmartin 1999 , Yeldell et al. 2017a ), roads did not affect nest survival on our study site. We offer that this lack of affect could be due to relatively high road density on our study site (i.e., gravel roads, disked firebreaks), which could affect the intensity of use by predators, human disturbance, and hunting pressure (Basille et al. 2013 , Gross et al. 2015a . Likewise, we observed that females selected sites closer Table 3 . Parameter estimates from the best approximating models predicting nest, brood ground roost, and daytime brooding sites selected by female eastern wild turkeys at Silver Lake Wildlife Management Area, southwest Georgia, USA, 2015 and . Negative values for beta-estimates associated with distance covariates indicate selection for these landscape features; positive values represent avoidance. to roads for daytime use while brooding. Similarly, female ruffed grouse (Bonasa umbellus) in the southern Appalachians selected roads during brood-rearing because herbaceous vegetation was more available along roads than in surrounding areas (Tirpak et al. 2008) . We offer that female turkeys likely selected for roads during brooding because of availability of herbaceous forage and ease of travel, conditions also satisfied within recently burned stands.
Odds ratio CI
Although time-since-fire did not affect nest site selection, it influenced where females took broods during daytime and roosted them at night. Females with broods selected areas burned the current year (i.e., 0 yr post-fire) and 2 years prior. Herbaceous plant communities decline after the first growing season following prescribed fire on sites similar to SLWMA (Kirkman et al. 2004 , Haywood 2010 , Glitzenstein et al. 2012 , as does prevalence of bare ground (Jones et al. 2013) . Fire immediately removes ground vegetation and leaf litter (Cronan et al. 2015) , which may increase foraging efficiency on insects and facilitate meeting physiological demand of poults for protein (Hurst 1992) . Insects are important prey items for turkeys in spring and summer (Hurst 1992) , and time-post-burn does not substantially affect macroarthropod biomass in frequently burned pine landscapes (Chitwood et al. 2017) . Recent evidence suggests turkeys prefer to use space near the edge of stands 0 years post-fire and stands !1 year post-fire because they provide the juxtaposition between foraging opportunities and escape cover (Yeldell et al. 2017c ). We observed that brooding females selected for both types of these areas, further emphasizing the importance of providing a mosaic of stands of differing times-since-fire when managing for brooding habitat. Our findings clearly demonstrate the importance of implementing fire return intervals variable enough to ensure diverse vegetation communities.
Females selected ground roosts in stands burned 2 years post-fire and those not recently burned (3-6 yr post-fire). After !2 years post-fire, understory vegetation within burned stands on our site began to converge and share similar characteristics (i.e., decreased understory vegetation, increased midstory and canopy closure). These stands return primarily to hardwood-shrub communities (Provencher et al. 2001 , Beckage et al. 2009 ), providing ample ground cover, but increased vegetation height results in lower visual obstruction. Females also selected ground roosts in areas with higher ground cover and lower vegetation. Higher ground cover and lower visual obstruction, coupled with increases in midstory structure in stands !2 years post-fire, may aid in predator detection and decrease search efficiency of avian (Andersson et al. 2009 ) and mesomammal (e.g., bobcat [Lynx rufus], Kolowski and Woolf 2002; raccoons, Bowman and Harris 1980) predators. Thus, these stands provide important vegetation communities where brooding females can safely detect and avoid predators while ground roosting (Tisdale and Fernandez-Juricic 2009, Javůrkov a et al. 2012) . We found no evidence that landscape heterogeneity affected nest or brood site selection, or nest or brood survival. As time-since-fire increases after 2 years post-fire, forage availability decreases but escape cover increases (Thaxton and Platt 2006 , Ellair and Platt 2013 , Wiggers et al. 2013 ). Thus, individuals in a fire-managed landscape must balance habitat selection relative to physiological needs and predation risk. The scale of fire application, and the interface between stands of differing times-since-fire, should influence habitat selection. Presumably, turkeys would select areas with greater heterogeneity across the landscape to reduce energy and risks associated with traveling between vegetation communities, thereby optimizing use of a patchy environment (MacArthur and Pianka 1966) . However, our findings suggest that patch heterogeneity, as we quantified it, did not affect how turkeys selected nest sites, or where brooding females chose to take broods. We offer that perhaps the scale of fire application on SLWMA may be small enough (i.e., sizes of burn units are relatively small) so as not to influence how turkeys use their landscape (see Yeldell et al. 2017c ).
MANAGEMENT IMPLICATIONS
Our findings generally support other recent works suggesting that a 3-year fire return interval provides vegetation communities important throughout the reproductive phases of wild turkeys. We found, however, that the intensive fire regimes used on our study site are not uniformly ideal for producing conditions needed by brooding females; these short (i.e., 1-2 yr) fire return intervals were not selected by females to roost broods. Rather, we noted that stands 2-6 years post-fire were selected by brooding females for roost sites, an important finding for managers charged with using prescribed fire to manage pine forests. Conversely, stands with short fire return intervals were important for daytime use by broods. Our findings suggest that fire-managed landscapes need to have diverse fire return intervals across managed stands to ensure availability of the suite of vegetation conditions necessary for nesting and brooding.
